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The lifetime of the hypertriton 3ΛH has been recently measured as significantly shorter than that
of the free Λ. We present an explanation based on a change of the intrinsic hyperon decay due to
the nuclear environment.
PACS numbers: 21.80.+a, 21.30.Fe, 21.30.-x, 21.45.-v, 25.45.De
The study of hypernuclei is an important tool for prob-
ing the hyperon-nucleon interactions and gaining insights
into the strong interaction dynamics that binds the hy-
perons and nucleons to form novel nuclear states.
The hadronic weak decay of hyperons involves two typ-
ical processes: (i) the direct weak emission of the pion
from the s quark via a four-quark interaction, and (ii)
the baryon internal conversion by the weak interaction
in association with a strong pion emission. As studied in
the literature [1], the process (ii), though model depen-
dent, is much larger than (i) in the hadronic weak decays
of Λ and Σ.
During the past decades, the experimental study of hy-
pernuclei has been significantly improved. In particular,
Rappold et al. reported recently the combined measure-
ment of the experimental lifetime of the hypernuclei 3ΛH
and 4ΛH [2, 3], and found that their lifetimes are signifi-
cantly shorter than the free Λ lifetime. This result was
then confirmed by the ALICE [4] and STAR [5] collabora-
tions and raises crucial questions concerning the hyperon
decay mechanisms in nuclear environment, especially in
light nuclei.
In this work, we revisit the free hyperon decay and
confirm the dominance of the pole contributions via the
baryon internal conversion process. Then, we show that
there exists a strong cancellation between two pole terms
which makes the lifetime of the free Λ to be “fine-tuned”
to its present small value. In the case of the hadronic
decays of light hypernuclei such as 3ΛH and
4
ΛH, we find
that these two pole terms will be affected differently by
the spectator nucleons. As a consequence, the fine-tuned
cancellation in the free Λ decays is broken and the tran-
sition amplitude is enhanced. It leads to a shortening of
the lifetimes of 3ΛH and
4
ΛH in their pionic weak decays.
We concentrate on the baryon internal conversion pro-
cess in this work since it is by orders of magnitude larger
than the direct weak emission of pion in the hyperon
decays. We start with the Λ hadronic weak decay. The
dominant diagrams for the baryon conversion process are
shown in Fig. 1. The amplitude can be calculated in the
quark model as:
M = 〈p|Hpi|n〉 i
/p−mn 〈n|H
PC
w |Λ〉
+ 〈p|HPCw |Σ+〉
i
/p−mΣ 〈Σ
+|Hpi|Λ〉 , (1)
where Hpi and H
PC
w are Hamiltonians for the strong and
parity conserved (PC) weak couplings and the transition
matrix elements can be worked out in the framework
of the constituent quark model (CQM). Given that the
baryon wavefunctions are anti-symmetrized, the explicit
expansion of the weak interaction Hamiltonian gives:
HPCw (1, 2) =
GF√
2
cos θC sin θC〈B˜f (1, 2, 3)|τ (−)1 v(+)2
× (1− σ1.σ2)δ(r1 − r2)|B˜i(1, 2, 3)〉 , (2)
where |B˜i(1, 2, 3)〉 and |B˜f (1, 2, 3)〉 denote the inter-
nal quark wavefunctions for the initial- and final-state
baryons, respectively; τ
(−)
1 and v
(+)
2 are the flavor-
changing operators that lower the isospin of quark num-
ber 1 and raise the strangeness of quark number 2, respec-
tively. The leading weak transition operator does not flip
the quark spins. The transition matrix element is sensi-
tive to the short-distance structure of the quark wave-
functions due to the δ function in (2). But for weakly
bound nuclei or hypernuclei, the internal quark motion
is not much modified as that for the free baryons. As the
result, the uncertainties arising from the short-distance
character should not change drastically for the decays of
hyperons within the nuclear medium.
The pion emission can be studied in the chiral quark
model [6–8], with a transition Hamiltonian
Hpi =
1
fpi
∑
j
ψ¯jγµγ5∂
µφpi Iˆ
pi
j ψj , (3)
where fpi is the pion decay constant, j denotes the j
th
quark in the baryons which interacts with the emitted
pion and Iˆpij is the corresponding flavor operator.
2Λ
Σ+
p
pi−
(b)
Λ
n
p
pi−
(a)
FIG. 1: Feynman diagrams for the hadronic weak decay of a
free Λ→ ppi−.
After the nonrelativistic expansion, the transition am-
plitude for Λ→ ppi− can then be written as
M = Vˆ G(Λ→ ppi−) , (4)
where Vˆ is a common function
Vˆ ≡
√
2Mi(Mf + Ef )
(
1 +
q0
Ef +Mf
+
q0
3µq
)
× 12 |q| exp
[
− q
2
6α2h
] (
αh√
pi
)3
GF cos θC sin θC , (5)
where Ei and Ef denote the energies carried by the
baryons before and after emitting pion, (q0, q) is the
pion four-momentum in the c.m. frame, µq is the re-
duced mass of two interacting quarks and in our case,
µq ≃ mu/2 ≃ md/2, and the exponential factor is due
to the separation of the c.m. and internal motions of the
quark system and extracted in the approximation of a
simple harmonic-oscillator of strength αh. This factor
plays the role of a form factor for the axial-vector cou-
pling when the internal quark structure is considered.
In Eq. (4), G is a channel-dependent function, i.e., for
Λ→ ppi−,
G(Λ→ppi−) ≡
[
gnppi−C
W
(Λ→n)
M2Λ −M2n
+
gΛΣ+pi−C
W
(Σ+→p)
M2p −M2Σ
]
, (6)
where CW is the spin-flavor factor of the baryon internal
conversion, and can be explicitly calculated in the SU(6)
quark model. Its values for different processes are listed
in Tab. I.
TABLE I: Weak matrix element CW(A→B) ≡ 〈B|OˆW |A〉 for the
baryon conversions, with OˆW ≡ τ (−)1 v(+)2 (1− σ1 · σ2).
〈n|OˆW |Λ〉 〈p|OˆW |Σ+〉 〈n|OˆW |Σ0〉
−1/√6 +1 1/√2
The hadronic couplings of pseudoscalar mesons to the
octet baryons are defined by the Goldberger-Treiman re-
lation [9]:
gBiBfpi ≡
CBiBfpi gA(BiBfpi) M¯
fpi
, (7)
where M¯ ≡ (Mi +Mf )/2 is the averaged baryon mass
of the interacting baryons. The departure from unity
of parameter CBiBfpi indicates a SU(3) flavor symmetry
breaking. The axial-vector coupling gA can be explicitly
calculated in the chiral quark model via
gA(BiBfpi) ≡
〈Bf |
∑
j Iˆ
pi
j σjz |Bi〉
〈Bf |σtotz |Bi〉
, (8)
where σjz and σ
tot
z are the quark and baryon spin opera-
tor projections to the z axis, respectively. The values for
gA in the SU(6) CQM are listed in Tab. II.
TABLE II: Axial-vector couplings for the pion emission.
Process gA Process gA
p→ npi+ 5/3 Σ+ → Λpi+ −2/√6
n→ ppi− 5/3 Σ− → Λpi− −2/√6
n→ npi0 5/(3√2) Σ+ → Σ0pi+ 4/(3√2)
p→ ppi0 −5/(3√2) Σ+ → Σ+pi0 −4/(3√2)
Λ→ Σ+pi− −2/√6 Σ− → Σ0pi− −4/(3√2)
Λ→ Σ0pi0 −2/√6
The same analysis can be done for Λ → npi0, Σ+ →
npi+ and ppi0, and Σ− → npi− which share similar
dynamic mechanisms. For Λ → npi+, the difference
arises from the strong pion emission vertices compared
to Fig. 1. Therefore, one would expect that R ≡
Γ(Λ→ ppi−)/Γ(Λ→ npi0) ≃ 2, given the dominance of
the baryon conversion processes in the Λ hadronic de-
cays. This relation actually agrees very well with the
experimental data. For Σ± pionic weak decays, the G
functions have the following expressions:
G(Σ+→npi+) ≡
[
g
pnpi+C
W
(Σ+→p)
M2Σ−M
2
p
+
gΣ+Λpi+C
W
(Λ→n)
M2n−M
2
Λ
+
gΣ+Σ0pi+C
W
(Σ0→n)
M2n−M
2
Σ
]
, (9)
G(Σ+→ppi0) ≡ CW(Σ+→p)
[
g
pppi0
M2Σ−M
2
p
+
gΣ+Σ+pi0
M2p−M
2
Σ
]
, (10)
G(Σ−→npi−) ≡
[
gΣ−Λpi−C
W
(Λ→n)
M2n−M
2
Λ
+
gΣ−Σ0pi−C
W
(Σ0→n)
M2n−M
2
Σ
]
.(11)
With the weak and strong couplings determined in the
SU(3) flavor symmetry limit (see Tabs. I and II), one rec-
ognizes that there exists an explicit cancellation among
the pole terms for each process in Eqs. (6) and (11). As a
consequence of such an intrinsic “fine-tuned” cancellation
the amplitudes for each process will be highly suppressed
such that the lifetimes of these states are relatively long.
Although the detailed cancellation will depend on mod-
els, there is no doubt that such intrinsic cancellations oc-
cur among the pole terms due to the SU(3) flavor symme-
try. Thus, a natural prospect is that if the nuclear media
act on those pole terms differently, they will break down
3the fine-tuned cancellation and result in significantly en-
hanced amplitudes. As follows, we will demonstrate that
such a scenario indeed occurs.
It should be stressed that the relative signs determined
by the SU(3) symmetry is essential for recognizing the
underlying dynamics for the pionic weak decays. Mean-
while, a quantitative description of the data would re-
quire the inclusion of the SU(3) symmetry breaking ef-
fects. We explicitly adopt Eq. (7) in the fitting leaving
CBiBfpi to be fitted by experimental data. Namely, the
values for CBiBfpi deviating from unity will reflect the
SU(3) symmetry breaking. We also treat αh as a pa-
rameter to be fitted by experimental data. We find that
with αh = 305.12 ± 0.75 MeV, CNNpi = 0.843 ± 0.001,
CΛΣpi = 1.400 ± 0.086, and CΣΣpi = 1.128 ± 0.002, the
experimental data can be reasonably described. More-
over, there exist strong correlations among CBiBfpi and
the SU(3) symmetry breaking is about 40% at most. The
fitted partial widths are listed in Tab. III (3rd col.) to
compare with the experimental data (4th col.) [10]. To
demonstrate the sensitivity of the cancellation phenom-
ena, we fix αh = 305.12 MeV and CBiBfpi = 1 (i.e. in
the SU(3) symmetry limit) to extract the partial widths
(2nd col.).
TABLE III: The partial decay widths for Λ and Σ± pionic
weak decays in unit of 10−6 eV. The second column is ob-
tained in the SU(3) flavor symmetry limit. The third column
is obtained by fitting parameters CBiBfpi. The experimental
values are listed in the 4th column.
Channels SU(3) Fitting Experimental data
Λ→ ppi− 0.65 1.62+0.50−0.43 1.60 ± 0.02
Λ→ npi0 0.35 0.91+0.28−0.24 0.895 ± 0.014
Σ+ → ppi0 57.32 5.64+0.17−0.17 4.23 ± 0.03
Σ+ → npi+ 31.22 2.34+1.05−0.85 3.96 ± 0.03
Σ− → npi− 3.87 3.38+1.13−0.97 4.44 ± 0.03
Λ Σ+ p
pi−
Λ n p
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p
n
p
n
p
n
p
n
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FIG. 2: Feynman diagrams for 3ΛH→ 3He + pi−.
Proceeding to investigate the nuclear effects on the
above scenario, we apply the harmonic oscillator wave-
functions for 3ΛH and
3He in momentum space:
Ψ(pi) =
∫
Ψ˜(ri)δ
3(R)Πi[exp(−ipi · ri)d3ri] (12)
=
(
∑
imi)
3N
∆
3
2
exp−
[∑
i6=j 6=k βi(mjpk −mkpj)2
2∆
]
,
with the normalization
∫
Ψ(pi)
2δ3(P )
∏3
i=1 d
3pi = 1 and
the c.m. momentum P ≡ ∑i pi. Its Fourier trans-
formed wavefunction in coordinate space is a simple
harmonic-oscillator, Ψ˜(ri) = N exp[− 12
∑
i βir
2
i ], with
R =
∑
imiri/
∑
imi = 0 and normalization factor
N2 ≡ pi−3∆ 32 (m1 + m2 + m3)−3 with ∆ ≡ m23β1β2 +
m22β1β3 +m
2
1β2β3. The r.m.s. radii within Ψ˜ are [11]
〈r2i 〉 =
3
2
m2jβk +m
2
kβj
∆
, (13)
with the indices (i, j, k) a permutation of (1, 2, 3). To
determine the parameters βi, we proceed in two steps.
First, as in our previous work [12], the three-baryon prob-
lem is solved accurately, but with a simple monotonic po-
tential for each pair, which reproduces the low-energy pa-
rameters. This leads to the radii shown in Tab. IV. Next,
the βi are computed by solving Eq. (13) and their values
are also listed in Tab. IV for both the Ju¨lich [13, 14]
and Nijmegen [15] models. We note that the lack of
hard core leads to an underestimate of the r.m.s. radii.
In particular, the values for 3He in Tab. IV are smaller
than those determined by electron scattering and fitted
by models [16, 17]. Since the same strategy is applied to
the wavefunctions for both strange and non-strange nu-
clei, we argue that the wavefunction overlap of the two
S-wave ground states 3ΛH and
3He do not suffer much
from this approximation. In future refinements of this
work, more realistic wavefunctions can be applied, such
as superpositions of Gaussians with different βi parame-
ters in each term.
In the impulse approximation, the hadronic weak de-
cay of 3ΛH → 3He + pi− can be regarded as due to the Λ
decaying into ppi− while the initial proton and neutron
remain as spectators. The transition can also occur via
two processes as shown in Fig. 2 (a) and (b) of which
the corresponding elementary processes are described in
Fig. 1. The transition amplitude can then be written in
terms of operators at hadron level and the intermediate
three-body propagators can be included. By expanding
the propagator in a nonrelativistic form and integrating
the energy part with the on-shell condition, the nuclear
4transition amplitude can be written as
M =
∫
dp1
(2pi)3
dp2
(2pi)3
dp3
(2pi)3
Ψ∗3He(Pf ;p1,p2,p3 − q)
× (2pii)
2〈3He|H(3)pi |[p, n, n]a〉〈[p, n, n]a|H(3)w | 3ΛH〉
M 3
Λ
H − (M1 +M2 +Mn)− (
p
2
1
2M1
+
p
2
2
2M2
+
p
2
3
2Mn
)
×Ψ 3
Λ
H(Pi;p1,p2,p3)δ(p1 + p2 + p3 −Pi)
+
∫
dp′1
(2pi)3
dp′2
(2pi)3
dp′3
(2pi)3
Ψ∗3He(Pf ;p
′
1,p
′
2,p
′
3)
× (2pii)
2〈3He|H(3)w |[p, n,Σ+]〉〈[p, n,Σ+]|H(3)pi | 3ΛH〉
E3He − (M1 +M2 +MΣ)− ( p
′2
1
2M1
+
p
′2
2
2M2
+
p
′2
3
2MΣ
)
×Ψ 3
Λ
H(Pi;p
′
1,p
′
2,p
′
3 + q)δ(p
′
1 + p
′
2 + p
′
3 −Pf ) , (14)
where the initial 3ΛH and final
3He contain only S-wave
components as the leading approximation and they are
both anti-symmetrized in the spin-isospin space in order
to respect the Fermi statistics.
TABLE IV: Parameters βi extracted by fitting the r.m.s. radii
from Ju¨lich (I) [13, 14] and Nijmegen (II) model [15].
System rn(fm) rp(fm) rΛ(fm) βn(fm
−2) βp(fm
−2) βΛ(fm
−2)
3He 1.38 1.49 – 0.430 0.573 –
3
ΛH (I) 1.60 1.60 1.65 0.469 0.469 0.220
3
ΛH (II) 2.32 2.32 2.84 0.296 0.296 -0.023
In Eq. (14) the notation |[p, n, n]a〉 denotes the anti-
symmetrization requirement on the intermediate [p, n, n]
system due to Fermi statistics, while the intermediate
|[p, n,Σ+]〉 does not have such a constraint. Compared to
Fig. 1 (a) of the free Λ decays the intermediate neutron of
Fig. 2 (a) will be affected by the spectator neutron which
has taken half of the ground spin states for the [p, n, n]
system if we neglect the virtual effects. This will break
the “fine-tuning” of cancellation between those two pole
terms in Fig. 1. Interestingly, there exists a kinematic
effect to compete against the Pauli blocking in Fig. 2 (a).
Since the mass of nucleon is smaller than Λ it allows the
intermediate [p, n, n] to be on shell in certain kinematic
region. It corresponds to a three-body pole structure
in the transition matrix element and will enhance the
amplitude of Fig. 2 (a) which again will violate the fine-
tuned cancellation in the free Λ decays.
Such effects can be examined by explicit calculations
adopting the parameterized wavefunctions for 3ΛH and
3He. Although this is a crude approximation its ef-
fects generally will decrease the amplitude compared to
the case of free Λ due to the wavefunction convolu-
tion. In other words, one should not expect a signifi-
cant enhancement of the amplitude caused by the nuclear
wavefunctions. In Tab. V, the calculated partial width
Γ( 3ΛH→ 3He+pi−) = 2.18×10−6 eV, is listed. It is larger
than that for free Λ, i.e. (1.60 ± 0.02) × 10−6 eV [10].
Meanwhile, significant cancellations between Fig. 2 (a)
and (b) can be seen by comparing their exclusive contri-
butions to the full result.
Being aware of that the partial width of 3ΛH→ 3H+pi0
is just half of 3ΛH → 3He + pi− in the spin-flavor sym-
metry limit, we obtain the two-body decay width of
3.27× 10−6 eV. Neglecting the contributions from other
possible channels, such as 3ΛH→ d+ p+ pi−, d+ n+ pi0,
p+p+n+pi−, and p+n+n+pi0, the estimated lifetime is
τ( 3ΛH) ≃ 2.0×10−10 s, which is significantly shorter than
the one of the free Λ, τ(Λ) = (2.63±0.020)×10−10 s [10].
In Tab. VI, this calculated value is compared with the
most recent experimental measurements and sensitivities
of the proposed mechanism to the nuclear wavefunctions
is shown in Fig. 3 by varying βΛ but with the other
two β values fixed in the Ju¨lich model. We emphasize
that we demonstrate the essential reaction mechanism
instead of fully quantify it. Therefore, although there
should be uncertainties with the estimated partial width
for 3ΛH → 3He + pi−, it is clear that the nuclear effects
which violate the fine-tuned cancellation will result in
enhanced amplitudes. This should be the key for under-
standing the recently observed shortened lifetime for 3ΛH.
In particular, note that such a mechanism can arise from
light nucleus system instead of heavy ones.
There is an abundant literature on the weak decay of
hypernuclei [18], in particular dealing with the impor-
tance of pionless decays Λn → nn and Λp → pp. In the
case of hypertriton, Kamada et al. [19] studied sophisti-
cated final-state corrections, assuming a frozen vertex for
the weak decay, and found a very small departure from
the case of free Λ. Our study of the weak decay pro-
vides a novel mechanism to explain the shortening of the
hypertriton lifetime.
TABLE V: The partial width of 3ΛH → 3He + pi− calculated
with parameters fitted by the Ju¨lich model [13, 14]. Contri-
butions from Fig. 2 (a) and (b), and the sum of both are listed
individually. The cancellation in 3ΛH decay is not as strong
as that in Λ decay due to the wavefunction convolution of
the initial and final nuclei. We do not show results from the
Nijmegen model since the harmonic oscillator interpretation
does not work as indicated by the negative βΛ value.
Γ( 3ΛH→ 3He + pi−)(10−6eV) (a) (b) Total
Ju¨lich model 3.25 10.75 2.18
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